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1 Introduction

In RAN4#71 meeting it was agreed to keep studying the following scenario for NAICS WI [1].

· RAN4 is continuing to study the joint blind detection feasibility for the following scenarios: 
· Mixed TM scenarios. 

· Non-colliding CRS pattern for the dominant interferer

· Randomized interference model

· 4 CRS APs for CRS-based TMs

From the SI on NAICS the link level simulation model is agreed in [2], Phase-1 with fixed on/off pattern for interference and Phase-2 with dynamic on/off pattern according to the on/off modelling and with link adaptation. The simulation setups up for both Phases are listed in the Appendix. From WI starts most of the companies have considered Phase 1 link level simulation model in order to check the blind detection feasibility. Phase 2 model was considered as well, for example in [3] to analyse blind detection feasibility. In this paper it is shown that the conclusions obtained by considering phase 1 and phase 2 are in line. This means that blind detection of dynamic parameters does not significantly degrade the performance compared to the ideal case. This holds true even when detection is based on 1PRB-pair, in cases when serving cell SINR is sufficiently low (i.e. when the interferer is sufficiently stronger than the serving cell and hence reliable estimates of the parameters are obtainable). However, the phase 2 approach has the advantage of 

1. Capturing the varying nature of the interferer characteristics
2. Capturing average performance not conditioned on very specific and constrained scheduling choices. 

In this contribution we confirm our proposal on how to define a proper interference model in order to better verify the blind detection reliability.
2 Proposals
First of all the Phase 1 link level simulation model is based on fixed ON/ON pattern with fixed MCS, PMI, RI on the interfering cells, which were used in previous meetings to verify the blind detection reliability. But as analyzed in [3] the interference can change rather rapidly in both time and frequency domain, therefore the blind detection needs to be performed with per PRB pair based granularity. So basically this fixed type of interference model does not really represent realistic scenarios for NAICS and corresponds to very specific and constrained scenarios. 
Observation 1: Phase 1 interference model does not present a realistic scenario for NAICS.

Furthermore a fixed interfering cells’ MCS, PMI, RI can’t really guarantee the blind detection reliability for other scenarios nor the correct per PRB-pair blind detection approach. In fact if phase 1 model is considered, it cannot be guaranteed that filtering in time and frequency domain is not exploited to improve the blind detection reliability. Hence a more randomized interference model seems necessary in order to prevent wrong UE implementation for blind detection.
Observation 2: Phase 1 interference model does not guarantee the blind detection reliability for more realistic scenarios where the interference characteristics are changing.

Observation 3: A randomized interference model is necessary to verify the blind detection reliability.

On the other hand we have already a Phase 2 interference model which fulfils the purpose as both a more realistic scenario and randomized type of interference model. And since Phase 2 model was also widely used during the NAICS SI it seems reasonable to reuse it also in the WI. 
However, some modifications seem needed for the Phase 2 interference model. During the SI it the following was agreed for Phase 2 models, [2]:
· Interference has a constant MCS/RI across the time and frequency domain for the duration of each packet 
Note: This simplified model is adopted for link level evaluation in the study item phase. System level simulation will have realistic interference MCS/RI that varies during each packet, and another model (e.g., Random MCS/RI across subframe and/or subband for the duration of each packet) should be considered for test definition in later Work Item phase, in order to test the robustness of the receivers. 
Hence it seems necessary to define an interference model targeting at testing the UE capability of performing parameters’ blind detection according to the agreements. For example, considering that per PRB-pair joint parameters blind detection is considered as possible so far, it is essential to define the interference that changes in each subframe in time domain and each PRB in frequency domain.
· Agreement: Interferer parameters are assumed to have granularity of at least 1 PRB pair in time. Further bundling in frequency domain is FFS.

The Phase 2 model is based on follow CQI with OLLA, which is a good way to closely model the link level performance as from a system level view. But with follow CQI and OLLA enabled it might be difficult to find good alignment through all companies. Therefore, at current stage for checking the feasibility of blind detection it’s reasonable to only focus on FRC configuration for the serving cell. 
In addition it is important to keep the bursty traffic model, even though it could consume more simulation time. The reason is that the bursty traffic includes DTX, which allows for proper blind detection of PDSCH presence and strongest interferer.
Based on the observations above we have the following proposals.
Proposal 1: Phase 2 interference model should be considered in NAICS WI in order to guarantee the blind detection reliability with the following modifications.
· Follow CQI and OLLA are disabled.

· Randomized Modulation order, PMI, RI on every PRB pair should be assumed for the interfering cells.
· Bursty traffic model should be maintained.

Figure 1 and 2 show the TP results for SLIC and E-IRC based on TM= [4 4 4], MCS=5 for the serving cell, CRS AP= [2 2 2], 5-25% geometry level, RU=40%, I1/No@50%tile Scenario 1 with follow PMI tput results. Interfering cells have per PRB pair varying MCS, PMI, and RI according to the statistics used for phase 2 methodology. Note that those statistics are defined as on a per packet basis and hence new statistics should be collected and agreed among companies on a per subframe basis. Figure 3 and 4 show the similar TP results for SLIC and EIRC with RU=60%.
In all simulations in this contribution the CRS-IC is assumed based on the agreement in [5] that CRS-IC should be taken as one of the NAICS functionalities.
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Figure 1 TP for SLIC TM= [4 4 4] CRS= [2 2 2] MCS=5 on serving cell and 40% load
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Figure 2 TP for EIRC TM= [4 4 4] CRS= [2 2 2] MCS=5 on serving cell and 40% load
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Figure 3 TP for SLIC TM= [4 4 4] CRS= [2 2 2] MCS=5 on serving cell and 60% load
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Figure 4 TP for EIRC TM= [4 4 4] CRS= [2 2 2] MCS=5 on serving cell and 60% load
All the simulations in Figure 1~4 are using proposed modified Phase 2 scenario and the strongest interferer has colliding CRS. The blind detection is based on joint blind detection of dynamic parameters including TM, Modulation order, PMI, RI, PDSCH presence and PDSCH based strongest interferer and semi-static parameters including PDSCH starting (CFI), CSI-RS ignorance. 
Observation 4: With the proposed modified Phase 2 interference model joint blind detection of dynamic parameters including TM, Modulation order, PMI, RI, PDSCH presence and PDSCH based strongest interferer and semi-static parameters including PDSCH starting (CFI) is feasible with reasonably good gain with 1PRB pair based blind detection.
3 Conclusions

In this contribution we provide the simulation results for proposed modified Phase 2 interference model together with observations and proposals which are summarized below.

Observation 1: Phase 1 interference model does not present a realistic scenario for NAICS.

Observation 2: Phase 1 interference model does not guarantee the blind detection reliability for more realistic scenarios where the interference characteristics are changing.

Observation 3: A randomized interference model is necessary to verify the blind detection reliability.

Observation 4: With the proposed modified Phase 2 interference model joint blind detection of dynamic parameters including TM, Modulation order, PMI, RI, PDSCH presence and PDSCH based strongest interferer and semi-static parameters including PDSCH starting (CFI) is feasible with reasonably good gain with 1PRB pair based blind detection.
Proposal 1: Phase 2 interference model should be considered in NAICS WI in order to guarantee the blind detection reliability with the following modifications.

· Follow CQI and OLLA are disabled.

· Randomized Modulation order, PMI, RI on every PRB pair should be assumed for the interfering cells.
· Bursty traffic model should be maintained.
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5 Appendix

8.2
Link-level Performance Characterization  

The link-level performance evaluation was conducted in two phases:

· Phase-1: Fixed on/off pattern for interference 
· Phase-2: Dynamic on/off pattern according to the on/off modelling and with link adaptation

8.2.1
Phase-1 link-level Evaluation Results   (Fixed ON/OFF)

For phase-1 evaluation, the following fixed ON/OFF patterns of the two explicitly modelled interferers are used. Note that when on, the interferer is assumed to be fully loaded and when off, the interferer is assumed to transmit CRS.

· On/On

· On/Off

· Some assumptions used for phase-1 evaluation are listed in the following while companies can capture additional assumptions associated with their results in the footnote of tables.

· SINR, I1/Noc(α), and I2/Noc(α) follow the geometry setting as agreed for scenario #1 and #2 respectively

·  Wideband PMI for serving and interference cell 

· Fixed across entire frequency band

· Varies randomly from subframe to subframe for interfering cells, fixed across subframes for serving cell

· Fixed MCS/RI of serving and interference cell

Company phase-1 results are provided in R4-136977 [14].

Observations from phase-1 results:

· E-LMMSE-IRC/SL-IC/R-ML/CWIC all achieve noticeable performance gain over R.11 LMMSE-IRC receiver in most scenarios , and the gains depend on the different interference profiles:

· Larger gain for stronger interference 

· Additionally for SL-IC/R-ML, the gains depend on modulation order. The largest performance gains are observed when interference signal is modulated by QPSK

· For CWIC, the gains depend on MCS. 

· Performance gains for TM4 in non-colliding CRSs are considerably smaller than those under colliding CRS, due to worse performance of the baseline LMMSE-IRC receiver in the colliding CRS scenario (i.e. incorrect interference covariance matrix estimation).

8.2.2
Phase-2 link-level evaluation results (Dynamic ON/OFF)

Phase-2 evaluation focus on receiver throughput under dynamic interference condition as a result of non-buffer traffic typically. 

8.2.2.1
Dynamic ON/OFF modelling

Interference characteristics highly depend on the dynamic scheduling behavior in neighboring cells in reaction to the packet arrival process. The general model is described in the following steps where a few simplifications are made in the development of dynamic on/off model:

· Interference has a constant MCS/RI across the time and frequency domain for the duration of each packet 
Note: This simplified model is adopted for link level evaluation in the study item phase. System level simulation will have realistic interference MCS/RI that varies during each packet, and another model (e.g., Random MCS/RI across subframe and/or subband for the duration of each packet) should be considered for test definition in later Work Item phase, in order to test the robustness of the receivers. 
· MCS/RI are randomly assigned for each interference cell FTP packet in accordance to agreed probability distributions (described later in Table 14)

· Same MCS levels are used for both codewords in case of RI = 2

· Different MCS/RI distributions may be used for Scenario 1 and Scenario 2a/b studies

· Different MCS/RI distributions may be used for 40% and 60% RUs

· Same MCS/RI distributions are used for studies of different SINR regions, I/Noc percentile points and TMs

· The packet duration corresponding to the i-th MCS level within the determined set of MCS levels can be derived as 
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· 0.5 Mbytes packet size (i.e. 4194304 bits)

· Average retransmission rate (ReTx), obtained from the statistics observed in system level simulation  

· TBS corresponding to the i-th MCS, assuming 10MHz bandwidth 

· Based on the previously-determined MCS/RI distribution, calculate the average packet duration D as 
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where the packet level MCS/RI probability for the i-th MCS/RI  
[image: image7.wmf]Pr()

packet

i

is derived from TTI(subframe)-level MCS/RI distribution 
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· Packet arrival is a Poisson process with a packet arrival rate defined as λ= RU/D
· If the newly arriving packet arrive earlier before the old packet transmission is finished, it will be queued in the buffer until the old packet transmission is finished

· The interference is off if the buffer is empty

Basically, the MCS/RI distribution will determine the on/off behavior. Hence, companies were recommended to provide calibration data on the following:

· TTI level MCS/RI probability

· Median MCS for each modulation/RI set 

· Average HARQ transmission times per packet

· Packet arrival rate corresponding to the target RU level (40% or 60%)

The following system level simulation assumptions were used to derive the above information:

· RAN1 agreed SLS assumption as baseline (see appendix)

· Bandwidth: 10MHz

· Packet scheduler: 1 UE per TTI

· BLER target: 10% after 1st transmission

· Packet Size: 0.5Mbytes

· CFI = 2

Before companies can generate MCS/RI distributions based on the above system level simulations, the following working assumption for scenario #1 40% RU was also agreed to allow companies enough time to generate phase-2 results.

· Working assumptions on MCS/RI distributions for Scenario #1, 40% RU

· RI=1/2 is randomly chosen according to 55%/ 45% probability 

· RI=1: MCS 7 (17%), MCS 15  (22%), MCS 22  (16%) 
· RI=2: MCS 7 (11%), MCS 14 (16%), MCS 22 (18%)

· Average packet duration D is 289 ms (based on ReTx = 1)

· Packet arrival rate λ= 1.384

Based on company inputs compiled in Table 12, where the probabilities for QPSK/16QAM/64QAM for both rank-1 and rank-2 were tabulated, the averaged probabilities and the averaged MCS level (rounded to be nearest valid MCS level) were chosen as below.

Table 11: Agreed TTI-level MCS/RI distribution based on company average
	 
	 
	Averaged Probability 
	Averaged MCS
	Chosen MCS

	Scenarios 1, Ru=40%
	64QAM rank 2
	12.4%
	21.8
	22

	 
	16QAM rank 2
	11.8%
	13.3
	13

	 
	QPSK rank 2
	8.0%
	6.4
	6

	 
	64QAM rank 1
	19.5%
	20.1
	20

	 
	16QAM rank 1
	26.5%
	13.1
	13

	 
	QPSK rank 1
	21.8%
	6.1
	6

	 
	sum
	100.0%
	 
	 

	 
	 
	 
	 
	 

	Scenarios 1, Ru=60%
	64QAM rank 2
	9.6%
	21.0
	21

	 
	16QAM rank 2
	9.7%
	13.4
	13

	 
	QPSK rank 2
	7.6%
	5.9
	6

	 
	64QAM rank 1
	20.4%
	20.0
	20

	 
	16QAM rank 1
	28.6%
	12.9
	13

	 
	QPSK rank 1
	24.1%
	6.1
	6

	 
	sum
	100.0%
	 
	 

	 
	 
	 
	 
	 

	Scenarios 2, Ru=40%
	64QAM rank 2
	22.6%
	21.6
	22

	 
	16QAM rank 2
	16.9%
	13.4
	13

	 
	QPSK rank 2
	10.6%
	6.0
	6

	 
	64QAM rank 1
	16.6%
	20.8
	21

	 
	16QAM rank 1
	18.9%
	13.5
	14

	 
	QPSK rank 1
	14.6%
	6.1
	6

	 
	sum
	100.0%
	 
	 

	 
	 
	 
	 
	 

	Scenarios 2, Ru=60%
	64QAM rank 2
	18.7%
	21.0
	21

	 
	16QAM rank 2
	14.8%
	13.4
	13

	 
	QPSK rank 2
	9.6%
	5.9
	6

	 
	64QAM rank 1
	16.8%
	20.4
	20

	 
	16QAM rank 1
	21.5%
	13.1
	13

	 
	QPSK rank 1
	18.6%
	5.9
	6

	 
	sum
	100.0%
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